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Abstract

Methods

Introduction
• The mammalian dive reflex (MDR) helps slow
metabolic use of oxygen when submerged in water
by eliciting a reduction in heart rate (HR) which
slows oxygen delivery to nonessential tissues, thus
limiting unnecessary energy use (1).
• The MDR therefore aids divers by maximizing
oxygen stores and breath hold time.
• Current literature shows that cold water immersion
decreases HR (2).
• Water temperature has been shown to impact the
duration of the MDR but not the intensity of the
response (3).
• However, this previous work studied the extreme
ends of the spectrum by studying how cold water
affects near drowning; therefore, there is less
information on differences during controlled breath
hold times (e.g., 40s).

• Seven healthy participants (Table 1) participated in three laboratory visits.
• Visit 1 included demographics (age, sex, weight, height, body fat percentage),
quantifying maximal breath hold time in air, and ensuring normal lung function.
• Visits 2 and 3 were randomized between two experimental conditions; cold water
(17-20ºC) and thermoneutral water (37ºC).
• Measurements were made during three experimental phases, including:
(1) seated rest in air
(2) seated rest while immersed in water
(3) during 40s apnea (breath hold) while immersed in water.
• Subjects were immersed in water only up to their shoulders with arms and head
out for the entire duration of the immersion phase.
• Each apnea lasted 40s, during which subjects wore a nose clip and HR was
monitored.
• Blood pressure, blood oxygen saturation, and core temperature were also
monitored for safety.
Statistics
• HR results were analyzed via 2-way repeated measures ANOVA (temperature x
time). The drive to breathe was assessed between cold versus thermoneutral
water using a paired samples t-test on exhaled O2 and CO2 levels. JASP was
used for analysis and significance was set at p<0.05.

Subjects were immersed in water up to their chest
while heart rate and other safety measures were
collected during the entire immersion phase.

Subjects breathed through a pneumotach with a
mouthpiece at the end of each apnea to collect exhaled
O2 and CO2 levels.
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23 ± 5
171 ± 15
64 ± 14

BMI, kg/m2

22 ± 2

Max Breath Hold time, s

82 ± 34

TLC, L

5.5 ± 2.4

Body Fat %

20 ± 4

Table 1. Volunteer characteristics. BMI, body mass
index; TLC, total lung capacity.
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Discussion
• An expected fall of HR was observed during apnea in both
temperature conditions (p<0.01) which confirms that our
experimental protocol successfully elicited the MDR via
apnea.
• These results show that cold water does lower HR but
does not significantly strengthen the MDR during apnea in
comparison to apnea in thermoneutral water (p=0.181).
• In conclusion, the mammalian dive reflex, as measured by
HR, is elicited more strongly by immersion in cold vs.
thermoneutral water. However, the fall in HR during
subsequent apnea is not augmented by cold vs.
thermoneutral water.
• These results demonstrate that there is a differential effect
of immersion vs. apnea on the MDR in different water
temperatures.
• Future studies should increase the number of volunteers
and study the comparison between the immersed 40
second apnea vs. maximum apnea attempts in air and
water.
• Future studies should also investigate the neurological
connection between the MDR in different temperatures of
water in endurance and sprint athletes.
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Figure 2 – HR normalized to resting in water
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Figure 1. HR before (-45 to 0 s), during (0 to 40 s), and in recovery from (40 to 70 s) apnea, normalized to resting HR in air conditions. A
significant drop in HR was seen (p=0.019) due to cold water immersion but there was no significant augmentation of the fall in HR in cold vs.
thermoneutral water (p=0.660). Error bars represent SD. Dotted vertical lines represent bounds of 40 s apnea.
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Figure 3. Comparison of exhaled gases post apnea in both
water conditions. There were no significant differences
between gas fractions in the different water conditions.
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• Better understand how cold water affects the
mammalian dive reflex, as measured by heart rate,
during both resting seated immersion and during 40s
apnea.
• Establish an experimental protocol for the
mammalian dive reflex in our laboratory.
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Figure 1 – HR normalized to resting in air
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This study was conducted to better understand how
cold water affects the mammalian dive reflex (MDR).
Seven subjects volunteered to be immersed up to their
shoulders in cold (17-20ºC) and thermoneutral (37ºC)
water. Subjects performed 5 min of seated rest in air
prior to water immersion and then 5 min of seated rest
immersed in water, followed by five 40s apneas while
immersed in water. Heart rate (HR) was collected
during all phases. Exhaled O2 and CO2 were also
collected at the end of each apnea as a marker of the
drive to breathe. Cold water immersion lowered HR vs.
thermoneutral water (Fig. 1, p=0.019), but did not
significantly strengthen the fall in HR during apnea (Fig.
2). There were no significant differences in exhaled O2
and CO2 (Fig. 3). These results suggest that the MDR
is strengthened by immersion in cold water, but not
further augmented by apnea.

Figure 3 – Exhaled O2 and CO2
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Figure 2. HR before (-45 to 0 s), during (0 to 40 s), and in recovery from (40 to 70 s) apnea, normalized to resting HR once immersed in water.
There was no significant difference in the rate of fall in HR in cold vs. thermoneutral water (p=0.181). Error bars represent SD. Dotted vertical
lines represent bounds of 40 s apnea.
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